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ABSTRACT 
 
The project’s goal is to calculate the primary energy needs of a building with an air
to air heat pump for the air conditioning. A real case of an existing building has been 
investigated using the dynamic simulation c
been used to evaluate the thermal energy needs of the building for heating and cooling. 
Two different systems have been evaluated, one 
conditioner for cooling, and another one with a 
of the heat pump has been 
Department of Applied Physics of Padua. In order to simplify the work, firstly the 
summer case will be studied and then the winter case. There wi
finally the objective will be to unify the results and to obtain the 
of the building for heating and cooling
 
 
ode called TRNSYS. This program has 
with a boiler for heating and an air 
reversible heat pump. T
evaluated with a FORTRAN code developed in the 
ll be two systems and 
primary
. 
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he performance 
 energy needs 
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1. - PREFACE 
 
1.1. - Project origin 
 
The need of creating the present project is born in the Departm
Physics of Padua. The idea is
building situated in Padua city. 
 
The dwelling is located i
has 4 bedrooms, two bathrooms, a k
has another apartment on top and garages on bottom. 
 
1.2. - Motivation 
 
The motivation to carry out the present project is based mainly on the need to 
learn to elaborate a project of engineering, underst
all its parts. 
 
Besides, this project is very interesting because it solves an important problem, the 
air conditioning of an existing
 
On the other hand, another motivation is the fact that the air conditionin
very important in the intensification I have chosen in order to finish the degree, 
thermoenergetics. For this reason, I think that this project not only solves a problem, 
also it represents a practical implementation of my knowledge. 
 
Finally, another interesting thing is to work with an important program for the 
transient simulation of sys
improving in the knowledge about other programs such as Microsoft Office, especially 
Excel.  
 
 
 to calculate the primary energy needs of an ex
 
n a building built in the 70’s and it has an area of 138 m
itchen, a living room and a corridor. 
  
and the structure and the content of 
 building. 
 
tems, TRANSYS. Also, it cannot underestimate the 
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ent of Applied 
isting 
2
. It 
The dwelling 
g is a part 
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2. - INTRODUCION 
 
2.1. - Project objectives
 
The final objective is to achieve an optimum air conditioning of t
to increase the comfort in all
 
For this reason, the project’s goal is to calculate the primary
building with an air to air heat pump for the air conditioning.
out using the dynamic simulation code called TRNSYS.
results in terms of net thermal energy needs
performance of the heat pump
Applied Physics of Padua. 
 
To execute the project, it has used the TRANSYS program, concretely in order to 
obtain the thermal energy needs 
 
2.2. - Project scope 
 
As it has mentioned, the project’s goal is to calculate the primary energy needs of 
an existing building with an air heat pump for the air conditioning
results, the project scope is to
differences.  
 
The first investigated system is made up of a
boiler for the heating. Instead, the second system is made up of a reversible heat pump
for cooling and heating. By this way, the project scope is to analyze the primary energy 
consumed by each system and seeing the 
 
 
he building in order 
 zones of the building during all year.   
 energy needs of 
 This procedure has carried 
 After the obtaining of these 
, the next objective is to calculate the 
 with a FORTRAN code developed in the Department of 
 
(heating and cooling) of the building. 
. After obtaining the 
 compare two different systems in order to see the main 
n air to air machine for cooling and a 
difference in terms of energy needs
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this 
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3. - THE CODE TRNSYS
 
TRANSYS (TRaNsient SYstem Simulation)
simulation environment for the transient simulation of systems with the aim to validate 
new energy concepts.  
 
The main and most important features of TRNSYS are:
 
• Its open, modular structure. The source code of the kernel as well as the 
component models is delivered
extending existing models to make them fit the user’s specific needs.
• About one hundred models are included in the Standard TRNSYS 
Library. TRNSYS applications include: solar systems, low energy 
buildings and HVAC systems
that requires dynamic simulation. 
• The DLL-based architecture allows users and third
easily add custom component models, using all common programming 
languages (C, C++, PASCAL, FORTRAN, etc.)
• TRNSYS can be easily connected to many other applications, for pre
post- processing or through interactive calls during the simulation (e.g. 
Microsoft Excel, Matlab, etc.)
• TRNSYS consists of a suite of programs: The TRNSYS Simulation 
Studio, the simulation
(TRNExe.exe), the Building input data visual interface (TRNBuild.exe), 
and the Editor used to create stand
known as TRNSED applications (TRNEdit.exe). 
 
The Simulation Studio, The TRNSY
interface are the programs used to carry out the present project. 
 
3.1. - The Simulation Studio
 
The main visual interface is the TRNSYS Simulation Studio (formerly known as 
IISiBat). From there, you can create 
workspace, connecting them together and setting the global simulation parameters.
 
 
 is a complete and extensible 
 
 to the end users. This simplifies 
, renewable energy systems and anything 
 
-party developers to 
 
 
 engine (TRNDll.dll) and its 
-alone redistribu
 
S Simulation engine and the Building visual 
 
 
projects by drag-and-dropping components to the 
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- or 
executable 
table programs 
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The Simulation Studio saves the project information in a Trnsys Project File (*.tpf). 
When you run a simulation, the Studio a
contains all the information on the simulation but no graphical information).
 
The simulation Studio also includes an output manager from where you control 
which variables are integrated, printed and/or plott
allows you to study in detail
 
3.2. - The TRNSYS Simulation Engine
 
The simulation engine is programmed in 
The engine is compiled into a Windows Dyn
TRNSYS kernel reads all the information on the simulation (which components are
used and how they are connected) in the TRNSYS input file, known as the deck file 
(*.dck). It also opens additional input files (e.g. weath
 
The simulation engine is called by an executable program, TRNExe.exe, which 
also implements the online plotter, a very useful tool that allows you to view dozens of 
output variables during a simulation.
 
3.3. - The Building visual interface
 
TRNBuild (formerly known as Prebid) is the tool used to enter input data for 
multizone buildings. It allows you to specify all the building structure details, as well as 
everything that is needed to simulate the thermal behavior of t
windows optical properties, heating and cooling schedules, etc.
 
TRNBuild creates a building description file (*.bui) that includes all the information 
required to simulate the building.
lso creates a TRNSYS input file (text file that 
ed, and a log/error manager that 
 what happened during a simulation.  
 
FORTRAN and the source is distributed. 
amic Link Library (DLL),
er data) and creates output files.
  
 
he building, such as 
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 TRNDll. The 
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4. - LOCATION OF THE CASE STUDY
 
The building is located in the city of 
area of 92 km² and a total population 
situation of Padua. 
 
 
 
 
  
The characteristic of the city of 
project, is the weather. You can obtain the data from a file which wil
Type15 (Weather data processor). In this case, the file is from the U.S Department
Energy and its format is TM2
 
 
 
Padua, in the Veneto region of Italy.
of 213.000 (2009). In the Fig. 3.1 it can see the 
Padua, which will be used in order to carry out the 
l be included in the 
. It can see the main climatic data in the Table
 
Fig. 4.1 – Map of Italy. 
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Table 4.1 - Main climatic data of Padua
 
Month 
 
Mean T
January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 
 
 
 
 (source: UNI 10349:1994)
emperature 
ºC 
Mean Daily Solar Radiation
MJ/m2 
1.9 4.1 
4 7.1 
8.4 11 
13 14.7 
17.1 18.8 
21.3 20.6 
23.6 21.5 
23.1 18.7 
19.7 14.4 
13.8 9.4 
8.2 5 
3.6 4.2 
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5. - MULTIZONE BUILDING
 
The component Type56
different thermal zones. T
represented in the figure 5.1.
 
 
 
 
 
 
 
 models the thermal behaviour of a building divide
he plan and the distribution of the living spaces
 Building height is 3 meters. 
 
Fig. 5.1 – Distribution of the dwelling. 
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The main dimensions 
Table 5.1. 
 
 
Table 5.1 - Dimensions and number of windows of the dwelling.
Zone 
Bedroom 1 
Bedroom 2 
Bedroom 3 
Bedroom 4 
WC 1 
WC 2 
Living Room 
Kitchen 
Corridor 
 
TOTAL 
 
 
Due to the complexity of a multizone building the parameters of T
defined directly in the TRNSYS input file. Instead, a file so
assigned containing the building information. 
 
In order to use this component, a separate pre
executed. The TRNBuild 
generates two files that will be used by the 
simulation. The file containing the 
generated by the user with any text editor or with the interactive program TRNB
 
In order to generate this file, it has used the interactive program TRNBuild. 
they have been defined the differen
Horizontal. In this case, only two orientations will be necessary in order to define the
system completely, East and We
created. It is important to know
on top and garages on bottom. 
 
 
and number of windows of the dwelling are 
Area  
m2 
Volume  
m3 
Number of 
13.52 40.56 
11.52 34.56 
17.28 51.84 
19 57 
5.71 17.13 
9.2 27.6 
28.27 84.81 
14.72 44.16 
18.84 56.52 
  
138.06 414.18 
-called building file (*.BUI) is 
 
-processing program must first be 
program reads in and processes the building file
Type56 component during a TRNSYS 
building description processed by TRN
t orientations, North, South, East, West and the 
st. Then, the different zones of the building
 the fact that the building to study has another 
 
 
 10 
 
reported in the 
 
windows 
1 
1 
1 
1 
1 
1 
1 
1 
0 
 
8 
ype56 are not 
 and 
Build can be 
uild. 
First, 
 
 have been 
apartment 
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Mainly, in each zone user has
 
• The walls, their surfaces and other related parameters.  
• The windows of each wall, their surfaces a
• Infiltration. 
• Ventilation. 
• Gains. 
• Comfort (non used in the case study)
• Humidity.  
• Heating and cooling.
 
5.1. - Walls  
 
In the case study five wall types
necessary to define the layers an
materials were obtained from the following 
(March 1994). 
 
 
Table 5.1.1 
DOOR 
Thk 
m 
Rint 
IRON 0.002 
INSULATION 0.04 
IRON 0.002 
Rext 
TOTAL 0.044 
 to define the following things: 
 
nd other parameters. 
. 
 
 have been described. For each wall type
d their thermo physical properties. The properties of 
Italian Norm:  UNI 10351 and UNI 10355 
– Characteristics of the DOOR wall type. 
ρ C λ R 
kg/m3 kJ/kgK W/mK m2K/W
    
0.33
7210 0.5 47.7 4.2·10
35 1.2 0.01 3.6 
7210 0.5 47.7 4.2·10
    
0.33
   
4.26
 11 
 
 
, it is 
U 
 W/m2K 
 
 
-5
 
 
 
-5
 
 
 
 
 0.23 
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Table 5.1.2
INTWALL 
Thk 
M 
Rint 
 
INTPLASTER 0.01 
INTBRICK 0.06 
INTPLASTER 0.01 
Rext 
 
TOTAL 0.08 
Table 5.1.3
EXTWALL 
Thk 
M 
Rint 
 
EXTPLASTER 0.015 
EXTBRICK 0.3 
EXTPLASTER 0.015 
Rext 
 
TOTAL 0.33 
 
 
Table 5.1.4
UPFLOOR 
Thk 
M 
Rint 
 
INTPLASTER 0.015 
PAVEMENT 0.26 
PORCELAIN 0.06 
Rext 
 
TOTAL 0.335 
 
 
 – Characteristics of the INTWALL wall type.
ρ C λ R 
kg/m3 kJ/kgK W/mK m2K/W
   
0.33
1400 0.9 0.7 0.01
1800 0.84 0.46 0.13
1400 0.9 0.7 0.01
   
0.06
   
0.55
   
 
 – Characteristics of the EXTWALL wall type.
ρ C λ R
kg/m3 kJ/kgK W/mK m2K/W
   
0.33
1800 0.9 0.9 0.02
1800 0.84 0.35 0.86
1800 0.9 0.9 0.02
   
0.06
   
1.28
 – Characteristics of the UPFLOOR wall type.
ρ C λ R
kg/m3 kJ/kgK W/mK m2K/W
   
0.33
1400 0.9 0.7 0.02
1800 0.84 0.74 0.35
2300 0.9 1 0.06
   
0.06
   
0.82
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 U 
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Table 5.1.5 – 
DOWNFLOOR 
Thk 
M 
Rint 
 
PORCELAIN 0.06 
PAVEMENT 0.26 
INTPLASTER 0.015 
Rext 
 
TOTAL 0.335 
 
 
Also you have to specify the category of the wall, for example a wall can be 
external or adjacent to another zone of the building. 
the following one: 
 
• External. For external wall
factor to sky.  
 
• Internal. For internal walls, user doesn’t have to specify anything more. 
 
• Adjacent. For walls separating zones, it is necessary to specify the name 
associated with the adjacent zone and the side of the wall that is w
zone. It is also possible to specify a mass flow rate of air (COUPLING) from the 
adjacent zone to the current zone across this wall.
 
• Boundary. For walls having a known external boundary condition, user has to 
define these external conditions. Fo
IDENTICAL which 
temperature. In this case, i
(COUPLING) from the 
 
In the figure 5.1.1 it is possible to see a plan and a section of the dwelling in order 
to show the type of each wall. 
Characteristics of the DOWNFLOOR wall type.
ρ C λ R
kg/m3 kJ/kgK W/mK m2K/W
   
0.33
2300 0.9 1 0.06
1800 0.84 0.74 0.35
1400 0.9 0.7 0.02
   
0.06
   
0.82
The definition of each category is 
s, user has to specify the orientation and the view 
 
r temperature, there is an option called 
means that boundary temperature is equal to zone 
t is also possible to specify a mass flow rate of air 
boundary zone to the current zone across this wa
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Fig.5.
 
 
External wall        Internal wal
A 
1.1 – Plan with the type of each wall. 
 
l        Door       Upfloor        Downfloor
A-A’ 
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5.2. - Windows  
 
Placement of the windows,
5.2.1. 
 
 
Table 5.2.1 – 
Zone 
Bedroom 1
Bedroom 2
Bedroom 3
Bedroom 4
WC 1 
WC 2 
Living Room
Kitchen 
Corridor 
 
 
The program requires the definition of a window type to use in the simulations. 
One model called WIN_TYPE has been use in the case study. 
the glazing system are: 
 
• ID Number. The ID number identifies 
W4-LIB.DAT. In the simulations the following data has been 
 
WindID: 12001
Description: 
Design: 6/16/4
U-Value: 2.3 W/m
G-Value: 0.295 %/100
T-sol: 0.214 
Rf-sol: 0.195
T-vis: 0.292 
 
 
 dimensions and surfaces are exposed in the 
Situation, dimension and area of each window.
Dimensions  
m x m 
 2.4 x 0.95 
 2.4 x 0.95 
 2.4 x 1.35 
 2.4 x 1.35 
0.8 x 0.8 
0.8 x 0.8 
 2.64 x 2.4 
2.4 x 2 
- 
The characteristics of 
the window in the internal 
loaded:
 
Luxguard SUNGUARD CLEAR PLUS Argon, 2.
 
2·K  
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Table 
 
Area  
m2 
2.28 
2.28 
3.24 
3.24 
0.64 
0.64 
6.34 
4.8 
- 
ASCII library file 
 
6 6/16/4 
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• ID Spacer. For calculating the edge correction of the U
selected the following ID Spacer:
 
Spacer ID 3: Butyl/Metal (fiberglass)
 
If you select this Spacer I
  
Height: 2.4 m
Width: 1 m 
 
• Slope of window. All the windows of the building are in vertical position, for this 
reason the slope are 90º. 
 
On the other hand, the characteristics of 
 
• The area ratio of the frame to the window is 15%.
• The solar absorptance is 0.5.
• The U-Value of the frame without inside and outside convective heat transfer 
coefficient is 8.17 kJ/h
 
Importantly, there aren't external
simulation. Instead, it has considerate external shading devices in summer simulation, 
and the external shading factor considered is 0.5
relating to the convective heat transfer coefficient of complete window, 
standard values have been used:
 
Inside: 11 kJ/h
Outside: 64 kJ/h
 
The above information is important for the evaluation of the solar gains during the 
dynamic simulations.  
 
-value, it has been 
 
 
 
D, user has to define the height and the width:
 
 
its frame are: 
 
 
·m2·K. 
 or internal shading devices in the winter 
 for all windows in the project
  
·m2·K 
·m2·K 
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5.3. - Infiltration and ventilation
 
The infiltration hasn’t bee
the ventilation system is much larger than the quantity of air in the extraction.
in this way, the dwelling is in slight overpressure,
the envelope. 
 
The renewal of air is ensured by a controlled ventilation system. 
of the air flowing through the system is 240 m
rate has been done in order to obtain 
space conditioning. In the 
summarized.    
 
Table 5.3
Zone 
Bedroom 1 
Bedroom 2 
Bedroom 3 
Bedroom 4 
WC1 
WC2 
Living room 
Kitchen 
Corridor 
TOTAL 
 
 
It has been created an input 
indicates if the mechanical 
air change of ventilation for each zone is
 
  
where: 
V
 
 
n considered because the quantity of air entering trough 
 so there isn’t air infiltration through 
The total flow rate 
3/h. The following distribution of this flow 
a good result in terms of air change rate 
Table 5.4.1, the supply and extraction flow rate are 
.1 – Supply and extraction of the flow rate. 
Supply  
m3/h 
Extractio
m
30 
30 
45 
45 
- 
- 
60 
30 
- 
240 
parameter in the TRNBuild called 
ventilation is turned on or not. Then, the instant value of the 
 defined with the following expression
Air change of ventilation = Vi · CMV 
i: flow rate of the entering air for each zone 
CMV: value = 0 (Off) value = 1 (On) 
 17 
 
 Working 
and 
n  
3/h 
- 
- 
- 
- 
45 
105 
 
60 
30 
240 
CMV which 
: 
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Also, it has been created an input for the temperat
the air flow entering the building
second one HUMIDITY.  
 
5.4. - Internal Loads 
 
To define the internal loads 
example, the input of the bedroom 1 is called IL_B1. Then, this input connects with a 
generic data file which contains data about the internal load
time step. One generic data file with the internal load
this case a .txt file, with nine
 
5.5. - Humidity 
 
For all the rooms, it has been considered the option 
(Capacitance humidity model). 
 
5.6. - Heating and cooling
 
As it has already mentione
summer case and one for the winter case. For
TRNBuild have been created. 
 
In the summer case, the cooling equipment is modeled 
component. The cooling model imposes the cooling load to the building with the supply 
air in certain conditions imposed by the operator.
of the CMV has been created in an external .xls file. More detail will explain in the next 
paragraph. 
 
 
ure and the relative humidity of 
. The first one is called TEMPERATURE
one input for each zone (room) has been 
 of the bedroom 1 in each 
s of all 9 zones 
 columns, one for each room, has been created
simply humidity model 
 
 systems 
d, two simulations have been carried out
 this reason, two different
 
externally
 A code which simulate
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 and the 
created. For 
can be used, in 
. 
, one for the 
 files in the 
 to the Type56 
s the working 
Energy analysis of a building with an air heat pump for the air conditioning and hot water production
 
 
Instead, in the winter case, the setting of an ideal
because the imposed heating 
component. It has created 
heating system:  
 
- Set point temperature: 20ºC
- Power is unlimited
- Humidification
 
In this case the TRNSYS code gives as results the necessary power to guarantee 
the imposed set point temperature in the different thermal zones.
 
 
 heating system in TRNBuild
loads is not modeled externally 
TRNBuild file with the following characteristics
. 
. 
: off.  
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 is on 
to the Type56 
 of the ideal 
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6. - THE SUMMER CASE
 
The cooling system is made up of 
the main supply air duct. The
 
 
 
  
 
If the temperature of the ambi
introduced directly to the building bypassing the cooling coil. 
  
Then, it has been defined the cooling system. In the 
system designed with the Simulatio
(System_cooling.tpf). 
 
Fig. 6.1
 
a heat exchanger and a cooling coil installed in 
 working scheme of the system is the one in the figure 6.1.
ent air is less than 22ºC, the exte
 
figure 6.2
n Studio of the software TRNSYS 
 - Scheme of the cooling system. 
 20 
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In the model of the system many different types have been used. 
describe all the types of the scheme:
 
• Type56b (BUILDING)
thermal behavior of the building divided into different thermal z
case, nine zones. It contains the external fi
• Type15-3 (WEATHER)
purpose of reading data at regular time intervals from an external weather data 
file, interpolating the data (including solar radiation for tilted surfaces) at 
time step, and making it available to other TRNSYS components.  The model 
also calculates several useful terms including the mains water temperature, the 
effective sky temperature, and the h
In this case, the file used contains information about 
(Padohour.tm2). 
• Type69b (SKY_TEMPERATURE)
radiation exchange. This component determines an effective 
which is used to calculate the long
arbitrary external surface and the atmosphere.
Fig. 6.2 - Scheme of the cooling system created with the Simulation Studio program.
 
. Multi-zone building. The component which models the 
le called Building_cooling.bui.
. Weather data processor. This component serves the 
eating and cooling season forcing functions.
. Effective sky temperature for long
sky temperature, 
-wave radiation exchange between an 
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It is going to 
ones, in this 
 
each 
 
Padua weather 
-wave 
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• Calculator (T_EXTRACTION and Q_SENS_TOT_HEAT). 
Simulation Studio and its function is to carry out opera
from the system.   
 
- Calculation of the temperature of the air
 
T_EXTRACTION = (T_K·V
 
where:
 
V
V
V
 
- Calculation of the su
 
Q_SENS_TOT_HEAT
Qsens_WC1 + Qsens_WC2 + Qsens_LR + Qsens_KT
• Type65c. Online graphical plotter with output file
system variables while the simulation is progressing.
 
 
Table 6.1 – Cooling s
Type65c 
TEMPERATURES 
POWER 
AMBIENT 
OTHERS 
• Type9a (INTERNAL LOADS). 
data at regular intervals from a data file. 
internal load of each zone.
 
It is a tool from 
tions using parameters 
 mix from the three extraction duct
K + T_WC1·VWC1 + T_WC2·VWC2)/ (VK + V
K: flow rate extracted from the kitchen [m3/h] 
WC1: flow rate extracted from the WC1 [m3/h] 
WC2: flow rate extracted from the WC2 [m3/h] 
m of sensible heat of all rooms: 
 = Qsens_B1 + Qsens_B2 + Qsens_B3 + Qsens_B4 + 
 
 is used to display selected 
  
ystem variables to be displayed with the T
Parameters External 
Temperature of all rooms  Temperatures_results.txt
Power of the coil, sensible 
heat of all rooms and the 
global sensible heat 
Power_results.txt
Temperature and relative 
humidity of the ambient air Ambient_results.txt
Temperature of the air exciting 
the heat exchanger and On/Off 
of mechanical ventilation 
Others_results.txt
 
 
This component serves the purpose of reading 
The file contains information about 
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s: 
WC1 + VWC2) 
 
ype 65c. 
file 
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In order to create this file (Internal_loads.txt), it has carried some calculations. It 
has considered: 
 
Internal load of kitchen and living room = 7 W/m
Internal load of the rest = 3 W/m
 
The Type56b ask for the value of the internal load in kJ
has been carried out the corresponding calculations in order to create this file. 
For example, the first column belongs to the bedroom 1 and in all rows there will 
be the same number, because it will be considered constant.
for the Bedroom 1 is called IL_B1:
 
IL_B1 = 3 W/m2·13.5
 
In the TRNBuild it has been introduced:
 
Radiative power = 0.5·IL_B1
Convective power = 0.5·IL_B1
  
• Type62 (COOLING SYSTEM)
a link with Excel.  
 
The excel file (COOLING.xls)
the cooling coil. The inputs and the outputs are summarized in the 
and 6.3. 
 
 
Table 6.2 – 
Input 1 
Input 2 
Input 3 
Input 4 
Input 5 
Input 6 
Input 7 
Input 8 T_extraction
 
 
2
 
2
 
/h, and for this reason it 
 If th
 
2 m2·10-3 kW/W·3600 s/h = 146.016 kJ/h 
 
 
 
. Excel coupling. This TRNSYS t
 includes the behavior of the heat exchanger and 
Inputs of the excel file for the cooling system.
T_B1: Temperature of the bedroom 1 
T_B2: Temperature of the bedroom 2 
T_B3: Temperature of the bedroom 3 
T_B4: Temperature of the bedroom 4 
T_LR: Temperature of the living room 
T_ext: Temperature of the ambient air 
HR_ext: Relative humidity of the external air
: Temperature of the mixed air from the three extractions.  
 23 
 
e input created 
ype implements 
Table 6.2 
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Table 6.3 – Outputs of the excel file for the cooling system.
Output 1 
Output 2 
Output 3 T_int: Temperature of the air exiting the cooling coil.
Output 4 HR_int: Relative humidity of the air exiting the cooling coil.
Output 5 T_out: Temperature of the air entering the cooling coil.
Output 6 HR_out: Relative humidity of the air entering the cooling coil.
Output 7 
 
 
The Simulation Studio sends to the file Excel the values of the inputs for each 
step of the simulation.
been carried out some
 
Firstly, for turning on the 
more zones or the temperature of the kitchen
 
T_B1 > 26º C
T_B2 > 26 º C
T_B3 > 26 º C
T_B4 > 26 º C, B4 = 1
T_LR > 26 º C, LR = 1
T_KT > 26 º
 
If      (B1 + B2 + B3 + B4 + LR 
  (B1 + B2 + B3 + B4 + LR < 3
  
On the other hand, for turning on the
ambient air has to be higher than 22 ºC. 
 
 T_ext > 22ºC 
 T_ext ≤ 22
 
CMV: On/Off mechanical ventilation 
Coil: On/Off battery 
QTOT: Cooling power of the cooling coil. 
 In order to obtain the correct values of the outputs, it has 
 calculations in the file Excel.  
mechanical ventilation, the tempera
 has to be higher than 2
, B1 = 1       T_B1 ≤ 26 º C, B1 = 0
 
, B2 = 1       T_B2 ≤ 26 º C, B2 = 0
 
, B3 = 1       T_B3 ≤ 26 º C, B3 = 0
 
       T_B4 ≤ 26 º C, B4 = 0
 
       T_LR ≤ 26 º C, LR = 0
 
 C, KT = 1       T_KT ≤ 26 º C, KT = 0
≥ 3) V (KT = 1)  CMV = 1 (On)
) Λ (KT = 0)  CMV = 0 (Off)
 cooling coil, the temperature of the 
    
 COIL = 1 (On) 
ºC  COIL = 0 (Off)    
 24 
 
 
 
 
 
 
ture of three or 
6 ºC.  
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The temperature of the air exiting t
humidity is 50%.  
 
In order to calculate the temperature of the air exiting the heat e
carried out the following calculations
 
∆Tideal = T_ext – T_extraction
  
 If the efficiency of the heat exchanger is 80%
 
∆Teffective = 0.8·∆Tideal
 
And finally, it obtain
this way:  
 
T_out = T_ext - ∆Teffective
 
In order to obtain the power of the simply cooling coil, it has carried
calculations. It is necessary to know the value of the enthalpy before and after 
the pass through the coil and, for this reason,
 
The known parameters are the ambient temperature (T_ext), the relative 
humidity of the ambient air (HR_ext), the temperature of the air entering the 
building (T_int) and the relative humidity of the air entering the buildi
(HR_int). Also, it has calculated the temperature of the air after the pass 
through the heat exchanger (T_out)
parameter too.  
 
State 1: ambient conditions.
 
Known parameters: T_ext, HR_ext
 
 With T = T_ext, the 
 
pvs (T) = exp (a
  
he cooling coil is 16ºC and its relative 
: 
 
, it can find: 
 
s the temperature of the air exiting the heat exchang
 
 it has followed this procedure:
. Then, this temperature is a known 
 
 
pressure of the saturated steam is: 
1/T + a2 + a3·T + a4·T2 + a5·T3 + a6·ln (T))·10
 25 
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The value of the parameters is: 
 
 a1 = -5800.2206 
 a2 = 1.3914993 
a3 = -0.048640239 
a4 = 4.17648·10-5 
a5 = -1.45·10-8 
a6 = 6.5459673 
 
 Then, if the expressi
 
 
 Finally, it obtains the value of the specific humidity
 
 
 p = 101.325 kPa (atmospheric pressure) 
 
State 2: after the pass through the heat exchanger.
 
The specific humidity is constant during the pass through the heat exchanger, 
for this reason, you can affirm the fact that:
 
 
Known parameters: 
 
It has calculated the pressure of the 
with T = T_out: 
 
pvs (T) = exp (a
 
If the relation of the pressure with the specific 
  
 
 
on of the relative humidity is and HR = HR_ext
HR = pv/pvs  pv = HR· pvs 
 with ω = ω_ext
ω = pv/ (p - pv) 
  
 
 
ω_ext = ω_out 
ω_out, T_out 
saturated steam in the same way but now, 
1/T + a2 + a3·T + a4·T2 + a5·T3 + a6·ln (T))·10
humidity is the following one:
ω = pv·0.62198/(p - pv) 
 26 
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With ω = ω_out, it finds the value of the pressure of the steam:
 
 
Finally, with HR = HR_out, it finds the value of the relative humidity by this way:
 
State 3: before entering in the building.
  
Also, it has put into practice the same expressions for finding the specific 
humidity of the air entering in the building. 
 
Known parameters: T_int, HR_int
 
 
First, it has calculated the pressure of the saturated steam wi
the pressure of the steam has been calculated using the value of the relative 
humidity (HR_int). And, finally the specific humidity has been found in order to 
be used for finding the value of the enthalpy (ω ω
 
Now, in order to find the power of the coil, it has calculated the enthalpy of 
second and the third state. 
 
And it has used this 
 
h_out (T
 
h_int (T
 
Finally, the value of the power it has calculated by this way:
 
 
 
pv = ω·p/(ω + 0.62198) 
HR = pv/pvs 
 
 
 
 
th T = T_int. Then, 
 = _int).   
The expression of the enthalpy is: 
h (T) = 1.006·T + ω·(2501 + 1.86·T) 
 
expression in order to obtain the following values:
_out) = 1.006·T_out + ω_out·(2501 + 1.86·T
_int) = 1.006·T_int + ω_int·(2501 + 1.86·T_int
 
P_coil = 240·1.2·(h_int – h_out)/3.6  
 27 
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After the calculation of these parameters, it has carried out the connections in the 
Simulation Studio: 
 
CMV  CMV 
T_int  TEMPERATURE
HR_int  HUMIDITY
 
Also there are the connections to the online plotters in order to obtain the results of 
the simulation.  
 
In order to carry out the simulation, the user has to create a deck file. In this case, 
it is called Simulation_cooling.dck.
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7. - WINTER CASE        
 
The heating system is ma
mechanical ventilation is always 
is the one in the figure 7.1. 
 
The obtained thermal energy needs for the winter season have been
to investigate two possible systems. The first one is made up of a
and a pump which circulates the water to the radiators
made up of an air to air heat pump. 
 
 
 
 
The scheme carried out wi
(System_heating.tpf). 
 
   
de up of a recover heat exchanger. In this case, the 
on. The scheme of the mechanical ventilation 
 natural gas
. Instead, the second one is 
 
th the Simulation Studio is the one in the figure 7.2
Fig. 7.1 - Scheme of the heating system. 
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In this system, the same types have been used
way: 
 
• Type56b (BUILDING)
thermal behavior of the building divided into different thermal z
case, nine zones. It co
• Type65c. Online graphical plotter with output file
system variables while the simulation is progressing.
 
Table 7.1 – Heating system variables to be displayed 
Type 56b 
TEMPERATURES 
Q_SENS 
The sensible heat of all rooms 
OTHERS 
 
 
 
Fig. 7.2 - Scheme of the heating system 
, but some of them in a different 
. Multi-zone building. The component which models the 
ntains the external file called Building_heating.bui.
 is used to display selected 
  
 
with the Type
Parameters External file
Temperature of all rooms Temperature_results.txt
and the global sensible heat 
(Heating power) 
Qsens_results.txt
Ambient temperature and 
temperature of the air exiting 
the heat exchanger 
Others_results.txt
created with the Simulation Studio program.
 30 
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• Type62 (HEATING SYSTEM)
a link with Excel.  
 
The excel file includes the behavior of the heat exchanger
outputs are summarized in the 
 
 
Table 7.2 – 
Input 1 
Input 2 
Input 3 T_extraction
 
 
Table 7.3 - Inputs of the excel file for the heating system.
Output 1 T_int: Temperature of the air exiting the cooling coil.
Output 2 HR_int: Relative humidity of the air exiting the cooling coil.
 
 
In order to obtain the conditions of
calculations have been carried out
same than in the summer case.
 
In order to calculate the temperature of the air exiting the heat exchanger
entering to the building
 
∆Tideal = T_ext – T_extraction
  
  If the efficiency of the heat exchanger is 80%, you can find:
 
∆Teffective = 0.8·∆Tideal
 
And finally, you obtain the temperature of the air exiting the heat exchanger
entering to the building
 
T_int = T_ext - ∆Teffective
  
. Excel coupling. This TRNSYS Type implements 
. The inputs and the 
Table 7.2 and 7.3. 
Inputs of the excel file for the heating system.
T_ext: Temperature of the ambient air 
HR_ext: Relative humidity of the ambient air
: Temperature of the mixed air from the three extractions
 the air entering the building, some 
. The equations used in this sect
 
, it has carried out the following calculations:
 
 
 
 by this way:  
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In order to obtain the conditions of the air entering the building, it has followed 
this procedure: 
 
State 1: ambient conditions.
 
Known parameters: T_ext, HR_ext
 
 With T = T_ext, the pressure of the saturated steam is:
 
pvs (T) = exp (a
  
The value of the parameters is: 
 
 a1 = -5800.2206 
 a2 = 1.3914993 
a3 = -0.048640239 
a4 = 4.17648·10-5 
a5 = -1.45·10-8 
a6 = 6.5459673 
 
 Then, if the expression of the relative humidity is
 
 
 Finally, it obtains the value of the specific humidity with 
 
 
 p = 101.325 kPa (atmospheric pressure) 
 
State 2: after the pass through the heat exchanger.
 
The specific humidity is constant during the pass through the heat exchanger, 
for this reason, you can affirm the fact that:
 
 
 
 
 
1/T + a2 + a3·T + a4·T2 + a5·T3 + a6·ln (T))·10
 
 and HR = HR_e
HR = pv/pvs  pv = HR· pvs 
ω = ω_ext:
ω = pv/ (p - pv) 
  
 
 
ω_ext = ω_int 
 32 
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Known parameters: 
 
It has calculated the pressure of the 
with T = T_int: 
 
pvs (T) = exp (a
 
If the relation of the pressure with the specific 
  
 
With ω = ω_int, it finds the value of the pressure of the steam:
 
 
Finally, with HR = HR_int
 
 
After the calculation of these parameters, it has carried out the connections in the 
Simulation Studio: 
 
T_int  TEMPERATURE
HR_int  HUMIDITY
 
Also there are the connections to the online plotters in order to obtain the results of 
the simulation.  
 
In order to carry out the simulation, the user has to create a deck file. In this case, 
it is called Simulation_heating.dck.
 
 
 
 
 
ω_int, T_int 
saturated steam in the same way but now, 
1/T + a2 + a3·T + a4·T2 + a5·T3 + a6·ln (T))·10
humidity is the following one:
ω = pv·0.62198/(p - pv) 
 
pv = ω·p/(ω + 0.62198) 
, it finds the value of the relative humidity by this way:
HR = pv/pvs 
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8. - HEAT PUMP GENERALITIES
 
8.1. - Introduction 
 
Heat pumps are devices able to force heat flowing from a lower to a higher 
temperature, using relatively small amount of high quality drive energy (electricity, fuel, 
or high-temperature waste heat). Therefore, heat 
heat sources in the surroundings (so called low
unusable), such as air, ground or water, or from man
industrial or domestic waste, to a building or an industrial application. 
 
Because heat pumps consume less primary energy tha
systems, they are an important technology fo
environment, such as carbon dioxide (CO
(NOx). However, the overall
much on how the electricity is
instance, hydropower or renewable
the electricity is generated by coal, oil or
 
Therefore, a heat pump can potentially save energy and money and 
harmful emissions to the environment. In the next sections heat pump tech
working fluids and applications will be discussed.
 
8.2. - Heat pump technology
 
Almost all heat pumps currently in operation are either based on a vapor 
compression, or on an absorption cycle. 
compression cycle driven by an electrical compressor.
 
8.2.1. - Vapor compression cycle
 
The great majority of heat pumps work on the principle of the vapor compression 
cycle. The main components in such a heat pump system are two heat exchangers, 
namely the evaporator and the condenser, the compressor and the e
shown in figure 8.2.1.1. The components are connected 
a volatile liquid, known as the working fluid, circulates.
 
 
pumps can transfer heat from natural 
-temperature sources normally 
-made heat sources, such as 
 
n conventional heating 
r reducing gas emissions that harm the 
2), sulfur dioxide (SO2) and nitrogen oxides 
 environmental impact of electric heat pumps depends very 
 produced. Heat pumps driven by electricity from, for 
 energy reduce emissions more significantly than if 
 gas-fired power plants. 
 
 
The cycle we will study in this work is a vapor 
 
 
xpansion valve, as 
to form a closed circuit through 
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In the evaporator (1) the temperature of the liquid working fluid is kept lower than 
the temperature of the heat source, causing heat to flow from the heat source to the 
liquid, and the working fluid evaporates. Vap
to a higher pressure and temperature. The hot vapor then enters the condenser (3), 
where it condenses and gives off useful heat. Finally, the high
expanded to the evaporator pressure and te
working fluid is returned to its original state and once again enters the evaporator. The 
compressor is usually driven by an electric motor, sometimes by a combustion engine 
and in rarely cases by renewable
 
 
 
 
 
 
 
 
 
 
 
 
 
8.2.2. - Heat source 
 
The technical and economic performance of a heat pump is closely related to the
characteristics of the heat source.
 
Ambient and exhaust air, soil and ground water are practical heat sources for small 
heat pump systems, while sea/lake/river water, rock (geothermal) and waste water are 
used for large heat pump systems. The heat source utilized by the heat pump 
considered in this work is ambient air.
 
Fig. 8.2.1.1 - Principle of electric
or from the evaporator is compressed (2) 
-pressure working fluid is 
mperature in the expansion valve (4). The 
-driving energy. 
 
 
-motor-driven vapor compression heat pump.
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Ambient air is free and widely available, and it is the most co
heat pumps. Air-source heat pumps, however, achieve lower efficiency performance
than water-source heat pumps.
 
The air-source heat pump will be used in t
dwelling.  
 
 
mmon heat source for 
 
his project for the air conditioning of the 
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9. - PRESENTATION OF 
 
As it has already mentioned, 
case and one for the summer case.
the global yearly trend of the investigated parameters (temperature and power)
 
The figure 9.1 shows the results obtained for 
during the year. Also the external temperature trends have been included. 
 
 
 
 
 
In the Table 9.1, the most important 
 
Table 9.1 - charac
 
Maximum power [kW] 
Time step [h] 
Day 
Average power [kW] 
-8.00
-6.00
-4.00
-2.00
0.00
2.00
4.00
6.00
8.00
0.00 2000.00
Po
w
er
 
[kW
]
Heating/Cooling Power Demand
Fig. 9.1 – Graphic with the global power and the external temperature. 
RESULTS 
two simulations have been done, one for 
 After that the results have been combined to obtain 
the heating and cooling powers 
data of the global power are summarized. 
teristic parameters of the global power
Cooling system Heating system
6.55 
5540 
18 August 
7.28
12 January
0.66 1.71
-5
0
5
10
15
20
25
4000.00 6000.00 8000.00
Hour [h]
Te
m
pe
ra
tu
re
[ºC
]
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In order to analyze the system's effect on temperature, it is interesting s
behavior of the temperature of the kitchen with and without cooling system. 
chosen the temperature of the kitchen because it is the most critical
dwelling because it has a high internal loads and solar gains due to the large wi
area. The air flow rate couldn’t ha
quantity of air entering trough the ducts and the distribution of the air to all zones
 
The graph in figure 9.2 shows the trends of kitchen temperature with and wi
cooling system.  
 
 
  
 
18
23
28
33
38
0 2000
Te
m
pe
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re
 
[°C
]
T_KT With and Without Cooling System
Fig. 9.2 – Graphic with the temperature of the kitchen with (T_KT_W) and without 
ve been increased because of the limitation of the 
 
4000 6000 8000
Hour [h]
T_KT_W
T_KT_WOUT
(T_KT_WOUT) the cooling system.  
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In the Table 9.2, the characteristic parameters of the kitchen temperature
summarized. It has carried out a divis
system, if it is on or off.  
 
 
Table 9.2 – characteristic param
 
Maximum temperature [ºC]
Time step [h] 
Day 
Average temperature 
 
 
 
ion of the results depending on the cooling 
eters of the kitchen temperature.
With cooling system Without cooling system
 30.12 ºC 
4867 
21 July 
37.53 ºC
4867
21 July
22.65 ºC 24.48 ºC
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10. - COMPARATIVE OF THE TWO INVESTIGATED SYST
 
After the explication of the followed method, it has carried out a 
results and a comparative of two systems:
 
• System A: heating system
system. 
 
In order to make the comparative it has calc
each element of the system. 
considered the primary energy of two elements:
 
- Boiler  
 
Following the UNI/TS 11300
obtained. These values have been su
 
Table 10.1 – 
Concept  
Emission 
Regulation 
Distribution
Generation
GLOBAL 
 
 
If the thermal energy 
account the global efficiency, the primary energy is:
 
η= 0.78 
Euseful = 15005
 
 
EMS
 
 with boiler and cooling with an air conditioner 
ulated the primary energy in 
In this case, in the heating system it has 
 
-2 the values of efficiency have been 
mmarized in the Table
Values of efficiency for the calculation of the primary energy 
of the boiler (source: UNI/TS 11300-2:2008).
Description 
Radiators - Local height less than 4 m 
Ambient with On-Off regulator 
 
More than three floors with medium 
isolation distribution. 
 
Generator of atmospheric heat type B 
(two stars). 
- 
need of the building is 15005 
 
 kWh  
η = Euseful/ Econsumed 
Econsumed = 15005/0.78 = 19268 kWhp 
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- Pump 
 
The pump is the element which circulates the water 
it needs a power of 60 W. It works
considered a
EEN 3/08). Then, the value of the primary energy owing to the pump is
 
h = 4680 h 
ηe = 0.46 
 
 
The cooling system, in both cases, is made up of t
performance of the air heat pump has been calculated with a FORTRAN 
code developed in the Department of Applied Physics of Padua. The 
obtained values of the heat pump are:
 
 
If the cooling energy
energy consumed:
 
 
 
Applying the same principle and considering an electric conversion factor of 
0.46: 
 
 
 
to the radiators and 
 4680 hours a year and it has 
n efficiency because of the electric energy of 
η = Euseful/ Econsumed 
Econsumed = 0.06·4680/0.46 = 610 kWhp 
he heat pump.
 
EER = 3.92 
 is the useful energy and the electric 
 
EER = Euseful/ Econsumed 
Econsumed = 1471 kWhe 
Econsumed = 3198 kWhp 
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The chosen heat pump is a model available in the current ma
following characteristics:
 
• Heating Capacity: 
• COP: 3.02
• Cooling Capacity: 
• ERR: 2.82
 
 
• System B: heating and cooling system with heat pump.
 
In this case, in both optio
 
Also for the heating system it has used 
the Department of Applied Physics of Padua. It has obtained the following 
result: 
 
With the heating system it has applied the 
system. If the heating 
consumed is the electrical 
 
 
 
Considering an increase of 20% of the useful 
and an electric conversion factor of 
 
Econsumed
  
As it already mentioned, the cooling system is always made up of the heat 
pump. Then, the value of the primary energy is already calculated. 
 
 
 
7 kW 
  (TinCond: 20°C, TinEvap: 7°C) 
6 kW 
 (TinCond: 35°C, TinEvap: 27°C) 
 
ns, the heat pump gives the necessary energy
the FORTRAN code developed in 
COP = 2.64 
 
same concept than in the cooling 
energy is the useful energy and the 
energy: 
COP = Euseful/ Econsumed 
Econsumed = 4730 kWhe 
energy because of 
0.46, the primary energy is:
 = 4730·(1.2/0.46) = 12339 kWhp 
Econsumed = 3198 kWhp 
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On the other hand, there is the power because of the 
is the same in both systems. 
exchanger which is of 80%. 
chooses the worst case, the 
and 2467 hours in summer
W, therefore the primary energy is calculated by this way:
 
Econsumed
 
Considering an electric conversion factor
the mechanical ventilation is:
Econsumed
 
Finally, the Table 10.2 is a comparative t
 
Table 10.2 –
 
 
COOLING 
Heat pump 
 
HEATING 
Boiler 
Pump 
Heat pump 
 
Mechanical Ventilation 
(Heat exchanger η = 80 %
 
 
 
Primary Energy 
 
A = 138 m2 
 
Percentage Difference 
 
mechanical
It is important to emphasize the efficiency of the heat 
It has analyzed all the zones of the bu
mechanical ventilation works 5112 hours a year
. The necessary power of the mechanical ventilation is 128 
 
 = 0.128·(5112+2467) = 970 kwhe 
 of 0.46, the primary energy because of 
 
 = 970.112/0.46 = 2109 kwhp 
able of the two investigated sys
 Comparative of the two investigated systems. 
System A 
kWhp 
System B
kWhp
 
3198 3198
 
 
19268 
610 
- 
 
12339
) 
 
2109 2109
 
TOTAL 
 
 25185 kWhp 
 
 182 kWhp/(m2y) 
 
  
 
 17646 
 
 128 
 
 - 30 
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11. - CONCLUSIONS 
 
 The purpose of the present project, as previously mentioned, was to calcula
the primary energy needs of an existing building 
conditioning.  
 
 After simulating both cases, the results were obtained. First of all, the 
power was investigated and a maximum 
cooling season. On the other hand, a maximum 
heating season.  
 
 In the analyzing of the temperature it has studied the trends of the kitchen 
temperature. The values are 
they are very lower if compared with the trend without cooling system
the internal load considered. In reality, the internal load is not constant during all day, 
for example kitchen appliances only are working before and a
 
 Finally, it is important to analyze the results obtained in the comparative of the 
two systems. As it has already mentioned, system A is made up of a heat pump for the 
cooling and a boiler, working with natural gas,
made up of a reversible heat pump for cooling and heating. After calculating the 
primary energy for each system, it can see that the primary energy of system A is 
higher than primary energy of system B. Us
achieved.  
 
For this reason, it is interesting to think about the system B, the one made up of 
the reversible heat pump. Nowadays, it is very important to take in account the 
environment, and heat pumps are an important technology for reduc
However, the overall environmental impact of electric heat pumps depends very much 
on how the electricity is produced.
 
Good results have been 
pump. In cooling season, a
heating season a value of 2.64 
 
with an air heat pump for the air 
cooling power of 6.55 kW was obtai
heating power of 7.28 kW for the 
a little bit high in the summer period, above the 26ºC
fter meals but not all day. 
 for the heating. Instead, system B is 
ing the system B, a sa
ing gas emissions.
 
obtained in terms of energy performances 
 mean value of 3.92 as seasonal EER has obtained and in 
as seasonal COP has obtained.   
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The study of the hot water production has not carried out in the present 
in the future it could be implemented as an extension of the stud
energy needs of residential buildings.
 
y about the 
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